Background. The aim of this study was to assess the efficacy and safety of pegylated interferon (IFN) plus ribavirin (RBV) in human immunodeficiency virus (HIV) and hepatitis C virus (HCV)-coinfected patients with severe immunodeficiency in a clinical cohort.
Methods. A total of 542 HIV-infected patients receiving treatment with pegylated IFN plus RBV from June 2001 through April 2007 were included in this study. The outcome variables were sustained virologic response (SVR) rate and the emergence of AIDS-defining events during HCV infection therapy. SVR rates among patients with a CD4 cell count р250 cells/mm 3 at baseline were compared with those among patients with CD4 cell counts 1250 cells/mm 3 . The association between SVR and potential predictors was analyzed. Results. Ten (26%) of 39 individuals with a baseline CD4 cell count р250 cells/mm 3 and 198 (39%) of 503 with baseline CD4 cell counts 1250 CD4 cells/mm 3 achieved SVR ( ). In a nested case-control study with P p .09 populations matched at a 1:2 ratio, the SVR rate was 26% in the CD4 cell count р250 cells/mm 3 group and 32% in the CD4 cell count 1250 cells/mm 3 group ( ). Baseline CD4 cell count (р250 cells/mm 3 vs 1250 cells/ P p .5 mm 3 ) was not associated with SVR in the multivariate analysis. Two (5%) individuals in the CD4 cell count р250 cells/mm 3 group experienced opportunistic events during follow-up. In the CD4 cell count р250 cells/mm 3 group, severe hematological toxicity and pegylated IFN or RBV dosage reductions occurred in 16 (41%) and 12 (31%) patients, respectively. In the CD4 cell count 1250 cells/mm 3 group, severe hematological toxicity and pegylated IFN or RBV dosage reductions occurred in 29% ( ) and 20% ( ) of patients, respectively. P p .1 P p .1 Conclusions. The efficacy of pegylated IFN plus RBV in HIV-HCV-coinfected patients with advanced immunosuppression is substantial and not significantly different to that observed in the overall coinfected population. HCV therapy is generally safe in the population of coinfected patients with advanced immunosuppression.
Hepatitis C virus (HCV)-related chronic liver disease follows an accelerated evolution to liver failure and According to commonly used recommendations for chronic hepatitis C treatment in HIV-HCV-coinfected patients [4] [5] [6] , pegylated IFN plus RBV should not be given to subjects with low CD4 cell counts. A low probability of reaching sustained virologic response (SVR) and the possible emergence of AIDSdefining events during HCV therapy are the reasons for this recommendation, which is based on studies assessing the efficacy and safety of standard interferon alone [7] [8] [9] [10] . However, in a pivotal clinical trial with pegylated IFN plus RBV, there was no relationship between CD4 cell count at baseline and SVR [11] . In addition, in this study, there were no AIDS-defining events observed during pegylated IFN plus RBV treatment among coinfected individuals with a baseline CD4 cell count !200 cells/mm 3 [11] . Nevertheless, the number of HIVinfected patients with severe immunodeficiency who received this antiviral combination was very low [11] . Therefore, available information about this issue among patients treated with pegylated IFN plus RBV is insufficient. Larger studies are needed to clarify whether HCV therapy is effective and safe in HIV-infected individuals with advanced immunosuppression, to determine whether it is a suitable treatment option in these patients. Advanced immunosuppression in this population is a factor that promotes a rapid liver fibrosis progression [12] . Because of this, these individuals would probably obtain a maximum benefit from HCV eradication.
The objective of the present study was to determine the efficacy and safety of pegylated IFN plus RBV in HIV-HCVcoinfected patients with severe immunodeficiency in a clinical cohort.
PATIENTS AND METHODS

Study population and follow-up. From June 2001 through
April 2007, 4392 HIV-HCV-coinfected patients were prospectively followed in 13 hospitals in Spain. The patients from this cohort who fulfilled the following criteria were included in the study: (1) aged 116 years; (2) received a diagnosis of chronic hepatitis C, with persistently detectable HCV RNA in plasma; (3) HCV-therapy naive; and (4) started treatment against HCV infection with pegylated IFN plus RBV. All individuals included were followed up at least every 4 weeks during the first 24 weeks of treatment and every 8 weeks during the remaining treatment period. Clinical, biochemical, and hematological assessments were performed at every visit. Plasma HCV RNA level was assessed at least at weeks 12, 24, and 48 during treatment and at week 24 after treatment completion. Plasma HCV RNA load was measured using a quantitative polymerase chain reaction assay that varied according to the available technique at each participating center (Cobas Amplicor HCV Monitor [detection limit, 600 IU/mL], Cobas AmpliPrep-Cobas TaqMan [detection limit, 50 IU/mL], or Cobas TaqMan [detection limit, 10 IU/mL]; Roche Diagnostic Systems).
Treatment modality. All individuals received pegylated IFN alfa-2a at a dose of 180 mg per week or pegylated IFN alfa-2b at a dose of 1.5 mg/kg per week, along with oral RBV at a dose of 600-1500 mg per day. Treatment duration was 48 weeks for patients infected with HCV genotype 1 or 4, whereas those infected with genotype 2 or 3 received therapy for 24 or 48 weeks, according to the decision of the treating physician. At weeks 12 and 24, pegylated IFN and RBV treatment was discontinued in nonresponders; patients were considered to be nonresponders if they did not achieve a decrease in HCV RNA levels of at least 2 log 10 at week 12 of therapy or undetectable serum HCV RNA at 24 weeks after starting therapy. Dosage adjustments for pegylated IFN and RBV were made according to the criteria of the physician who was treating the patient.
All patients with CD4 cell counts р250 cells/mm 3 at baseline received secondary prophylaxis for previous AIDS-defining events during anti-HCV therapy, when applicable. Patients who had CD4 cell counts !200 cells/mm 3 during HCV therapy were treated with primary prophylaxis against opportunistic infections according to Centers for Disease Control and Prevention recommendations [13] .
Assessment of efficacy and safety. The main efficacy end point was SVR, defined as undetectable HCV RNA in serum samples at 6 months after the end of pegylated IFN plus RBV treatment. The efficacy analysis of HCV therapy was performed according to the principle of intention to treat, and missing values were considered to be failures. The main safety end point was the emergence of AIDS-defining events during HCV therapy (according to 1993 Centers for Disease Control and Prevention definitions). Severe hematological toxicity, use of growth factors, and dosage reductions of pegylated IFN and RBV were assessed. Severe hematological toxicity was defined as the appearance of at least 1 of the following laboratory abnormalities during HCV therapy: (1) hemoglobin level !10 g/dL; (2) neutrophil counts !750 cells/mm 3 ; or (3) platelet counts !50000 cells/mm 3 .
Statistical analysis.
Comparative analyses of efficacy were performed using 2 approaches. First, SVR rates in patients with a CD4 cell count р250 cells/mm 3 at baseline (the CD4р250 group) were compared with those observed among patients with CD4 cell counts 1250 cells/mm 3 (the CD41250 group). Second, a nested case-control substudy was performed to examine patients with similar baseline characteristics in both groups. In this substudy, case patients were all patients with CD4 cell counts р250 cells/mm 3 . Control patients, matched at a 1:2 ratio with case patients according to HCV genotype (1 or 4 vs 2 or 3), cirrhosis, and baseline plasma HCV RNA load (р600,000 IU/mL vs 1600,000 IU/mL) [14] , were selected from the remaining population. The diagnosis of cirrhosis was made by liver biopsy according to the Scheuer's scoring system [15] .
Additionally, we assessed the relationship between SVR and the following potential predictors in the entire cohort: sex, age, risk factor for HCV transmission, previous AIDS-defining events, baseline serum level of alanine aminotransferase, liver fibrosis stage according to the Scheuer's scoring system [15] , HCV genotype, baseline plasma HCV RNA load, baseline level of low-density lipoprotein cholesterol, CD4 cell count at baseline, type of pegylated IFN received, daily dose of RBV by weight, self-reported compliance with HCV therapy, use of concomitant antiretroviral therapy, and type of nucleoside or nucleotide reverse-transcriptase inhibitor (NRTI) backbone.
Continuous variables are expressed as median values (interquartile range [IQR]), and categorical variables are expressed as number (percentage; 95% confidence interval [CI] ). The Student's t test was used for comparisons between continuous variables if a normal distribution was followed, and the MannWhitney U test was used otherwise. The frequencies were compared using the x 2 test or the Fisher's exact test if the expected frequency for any cell was р5. In the case-control study, continuous variables and frequencies were compared using the Wilcoxon test and the McNemar test, respectively. The variables that showed a relationship with SVR in the univariate analysis with a were entered in a multivariate step-wise logistic P ! .2 regression model. The adjusted odds ratio and the respective 95% CI were calculated. Associations with were con-P ! .05 sidered to be significant. Data were analyzed using the SPSS statistical software package, release 14.0 (SPSS). ; relapse, ; withdrawal from the study because of adverse events, ; voluntary drop out, . , for the comparison of SVR among the 3 patient groups. P p .385
Ethical aspects. The study was designed and performed according to the Helsinki declaration and was approved by the Ethics Committee of the Hospital Universitario de Valme. ). The remaining baseline character-P p .04 istics of both groups are shown in Table 1 .
RESULTS
Characteristics
Virologic response according to baseline CD4 cell count. A total of 208 (38%; 95% CI, 34%-42%) patients achieved SVR in the entire cohort; 10 (26%; 95% CI, 13%-42%) in the CD4р250 group and 198 (39%; 95% CI, 35%-43%) in the CD41250 group ( ). In the subpopulation of patients P p .09 infected with HCV genotype 1 or 4, 5 (16%; 95% CI, 5%-33%) with CD4 counts р250 CD4 cells/mm 3 at baseline achieved SVR, compared with 83 (26%; 95% CI, 21%-31%) of the patients in the CD41250 group ( ). Among patients P p .2 infected with HCV genotype 2 or 3, 5 (62%; 95% CI, 24%-91%) patients in the CD4р250 group and 115 (63%; 95% CI, 55%-70%) in the CD41250 group achieved SVR ( ). The P p .9 differences in the frequencies of other types of response to HCV therapy between both groups were not significant in the sta- tistical analysis, although relapses tended to be more common in the CD4р250 group (Figure 1 ). In the CD4р250 group, there were no statistically significant differences in SVR rates according to baseline CD4 cell count when patients were categorized as having CD4 cell counts !125 cells/mm Figure 2 ). In the substudy with case and control patients matched at a 1:2 ratio according to HCV genotype, baseline plasma HCV RNA load, and cirrhosis (Table 2), 10 (26%; 95% CI, 13%-42%) individuals in the CD4р250 group and 25 (32%; 95% CI, 21%-43%) in the CD41250 group achieved SVR ( ). P p .5 Among the subpopulation of patients infected with HCV genotype 1 or 4, the rates of SVR in the CD4р250 group and CD41250 group were 16% (95% CI, 5%-33%) and 21% (95% CI, 11%-33%), respectively ( ). Among patients infected P p .6 with HCV genotypes 2 or 3, the rates of SVR were 62% (95% CI, 24%-91%) in the CD4р250 group and 75% (95% CI, 47%-92%) in the CD41250 group ( ). In this substudy, the P p .7 frequencies of other responses to HCV therapy were comparable in the 2 groups ( Table 2) .
Predictors of SVR. In the entire cohort, subjects who achieved and who did not achieve SVR had median baseline CD4 cell counts of 538 cells/mm 3 ). In the multivariate analysis, HCV genotype 2 or 3, P p .02 baseline plasma HCV RNA load !600,000 IU/mL, lack of concomitant antiretroviral therapy, use of NRTI backbone containing tenofovir plus lamivudine or emtricitabine during HCV therapy, baseline low-density lipoprotein cholesterol levels у100 mg/dL, and exposure to the planned HCV therapy у80% were associated with SVR (Table 3 ). In the same analysis, CD4 cell count (р250 cells/mm 3 vs 1250 cells/mm 3 ) was not associated with SVR (Table 3) .
Safety. Two (5%; 95% CI, 0.6%-17%) individuals with a CD4 cell count р250 cells/mm 3 at baseline experienced a major opportunistic event during the follow-up period. One of them with advanced liver fibrosis and a CD4 cell count of 239 cells/ mm 3 at baseline presented a first episode of Pneumocystis jiroveci pneumonia at the end of HCV therapy. At that moment, this patient had an undetectable HIV viral load and a CD4 cell count of 108 cells/mm 3 . She self-reported that she was completely compliant with the chemoprophylaxis prescribed during HCV therapy, specifically oral cotrimoxazole. The second patient discontinued pegylated IFN plus RBV at week 19 because of an episode of symptomatic visceral leishmaniasis relapse. This individual had advanced liver fibrosis and a CD4 cell count of 129 cells/mm 3 at baseline. He was receiving oral miltefosine as secondary prophylaxis against leishmaniasis during anti-HCV therapy. When this individual experienced this event, he had an undetectable HIV viral load and his CD4 cell count had decreased to 28 cells/mm 3 . Both patients showed resolution of their opportunistic infections after treatment with cotrimoxazole and liposomal amphotericin B, respectively. No patient died during the study period in the CD4р250 group. In NOTE. 3TC, lamivudine; ALT, alanine aminotransferase; ART, antiretroviral therapy; CI, confidence interval; FTC, emtricitabine; IFN, interferon; LDL, low-density lipoprotein; NRTI, nucleoside or nucleotide reverse-transcriptase inhibitor; OR, odds ratio; RBV, ribavirin; TDF, tenofovir. the CD41250 group, 1 (0.2%) patient experienced an AIDSdefining event during HCV therapy, specifically an episode of pulmonary tuberculosis.
The rate of discontinuation of pegylated IFN plus RBV attributable to adverse events was similar in patients with CD4 cell counts р250 cells/mm 3 or 1250 cells/mm 3 at the beginning of HCV therapy (Figure 1 ). In the CD4р250 group, 16 (41%; 95% CI, 25%-57%) patients demonstrated an episode of severe hematological toxicity, compared with 146 (29%; 95% CI, 25%-33%) of the patients in the CD41250 group ( ). In P p .1 the CD4р250 group, severe anemia, neutropenia, and thrombocytopenia occurred in 5 (13%), 11 (28%), and 6 (15%) patients, respectively. In the CD41250 group, severe anemia, neutropenia, and thrombocytopenia occurred in 12% ( ), P p .8 15% (
), and 10% ( ) of patients, respectively. Peg-P p .02 P p .2 ylated IFN or RBV dosages had to be reduced in 12 (31%) patients in the CD4р250 group and in 102 (20%) patients in the CD41250 group ( ). The use of growth factors was P p .1 more frequent among patients with a baseline CD4 cell count р250 cells/mm 3 ( Table 1 ).
DISCUSSION
We found that the efficacy of pegylated IFN plus RBV in HIV-HCV-coinfected patients with advanced immunosuppression is substantial and not significantly different from that observed in the overall coinfected population. Therapy against HCV infection is generally safe in coinfected individuals who start this treatment with a low CD4 cell count. Appropriate strategies to accurately prevent opportunistic events should be implemented in this population, although this option might not be entirely effective.
The results of this study provide relevant information on the efficacy of pegylated IFN plus RBV treatment among HIV-HCV-coinfected individuals with advanced immunosuppression. In fact, this study analyzed the largest population of patients with low CD4 cell counts yet examined, to our knowledge, including clinical trials and cohort studies [11, 16] . In this study, the rate of SVR was higher among patients with a CD4 cell count 1250 cells/mm 3 , compared with those with CD4 cell counts р250 cells/mm 3 at baseline, especially among patients infected with genotypes 1 and 4, although these differences did not reach statistical significance. However, predictors of poor response to HCV therapy were not equally frequent among patients belonging to both treatment groups. The percentages of HCV genotype 1 or 4 infection and cirrhosis were greater among patients with lower CD4 cell counts at baseline, which might have been accounted for the differences in the rate of SVR. For this reason, we performed a nested, matched case-control study according to these variables, to increase the comparability of both arms. In this case-control study, we did not find significant differences in SVR between the populations.
Finally, multivariate analysis did not show an association between SVR and baseline CD4 cell count categorized as р250 cells/mm 3 versus 1250 cells/mm 3 . Therefore, according to our results, the efficacy of pegylated IFN plus RBV among HIVinfected individuals with severe immunodeficiency is considerable and similar to that found in subjects without severe immunodeficiency.
Our findings are in agreement with those reported in 2 other studies that have assessed the relationship between CD4 cell count at baseline and SVR in HIV-infected individuals [11, 16] . In these studies, CD4 cell count at baseline was not associated with SVR. Nevertheless, firm conclusions cannot be drawn from these studies because of their limitations. In a substudy of the APRICOT trial [11] , only 17 patients with a baseline CD4 cell count !200 cells/mm 3 received pegylated IFN plus RBV. Moreover, a considerable proportion of these individuals were infected with HCV genotypes 2 or 3, which probably contributed to the higher rate of SVR achieved in this group. In addition, one study did not find a relationship between SVR and baseline CD4 cell count categorized as р350 cells/mm 3 versus 1350 cells/ mm 3 [16] . However, this level of CD4 cell count is too elevated to make definitive conclusions regarding the efficacy of HCV therapy in patients with lower CD4 cell counts at baseline. Our study included a population of 39 patients with CD4 cell counts р250 cells/mm 3 , 79% of whom were infected with HCV genotypes 1 or 4. Thus, our study strongly supports data from other studies demonstrating that advanced immunosuppression may not be a major factor in predicting SVR. Nevertheless, larger studies are needed to confirm this finding.
We found that the frequency of AIDS-defining events during anti-HCV therapy was not high among HIV-infected patients with advanced immunosuppression. This finding agrees with the results of the APRICOT trial [11] . In our study, secondary chemoprophylaxis of visceral leishmaniasis, 1 of the opportunistic events observed during HCV therapy, did not prevent a relapse. Nevertheless, secondary prophylaxis of visceral leishmaniasis is not entirely effective [17] . Consequently, although data on this topic are very limited, HIV-infected individuals with severe immunodeficiency should receive effective primary prophylaxis against preventable opportunistic infections and secondary prophylaxis against prior opportunistic disease during anti-HCV therapy. When this option is not possible, pegylated IFN plus RBV should be deferred in these patients to avoid the development of AIDS-defining events. On the other hand, both patients with severe immunosuppression who experienced an opportunistic event in our study had advanced liver fibrosis, whereas a subject without severe immunodeficiency experienced an episode of pulmonary tuberculosis. Although additional studies are needed to assess these issues, these findings suggest that it is necessary to determine the severity of liver fibrosis and screen for tuberculosis before starting HCV therapy. Finally, in this study, severe neutropenia has been found to be associated with CD4 cell counts р250 cells/mm 3 at baseline. This finding could be secondary to the elevated proportion of subjects with low pretreatment neutrophil counts included in this subgroup of patients, which is a known risk factor for severe neutropenia in HIV-infected patients treated with anti-HCV therapy [18] . In addition, the frequency of overall severe hematological events and dosage reductions of HCV therapy was higher in individuals with CD4 cell counts р250 cells/mm 3 at baseline, although differences between both populations did not reach statistical significance, probably because of a lack of statistical power. For these reasons, patients with severe immunodeficiency who are receiving treatment with pegylated IFN plus RBV should be more carefully monitored for hematological laboratory abnormalities during HCV therapy.
The main limitation of this study is the limited sample size. In spite of the fact that the present study included a sample size larger, to our knowledge, than any clinical trial or cohort study published so far [11, 16] , we cannot exclude that it was too small to detect some differences that otherwise could have been observed, such as the possible relationship between overall severe hematological toxicity and lower CD4 cell counts at baseline.
In summary, on the basis of the results of this study, pegylated IFN plus RBV is a feasible therapy option in HIV-HCV-coinfected patients with advanced immunosuppression. Effective chemoprophylaxis against opportunistic infections should be received by these patients during HCV therapy.
